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SWASH PLATE TYPE SERVO DEVICE FOR A PLUNGER HYDRAULIC UNIT 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[001] The present invention claims priority under 35 USC 1 19 based on Japanese patent 
application No. 2003-096811, filed March31, 2003. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[002] The present invention relates to a swash plate servo device. More particularly, the 
present invention relates to a swash plate servo device for tilting and rolling a swash plate in a 
swash plate plunger type hydraulic unit such as a swash plate plunger pump or swash plate 
plunger motor. 

2. Description of the Background Art 

[003] Heretofore, various types of hydraulic continuously variable transmissions each 
comprising a combination of a hydraulic pump and a hydraulic motor have been known and 
implemented. For example, hydraulic continuously variable transmissions disclosed in JP-A 
6-2753 and JP-B 7-88884 are proposed by the applicant of the present application. Each of the 
hydraulic continuously variable transmissions disclosed by these patent documents comprises a 
swash plate plunger pump, a swash plate plunger motor and a hydraulic closing circuit for 
connecting the outlet port and inlet port of the swash plate plunger pump to the inlet port and 
outlet port of the swash plate plunger motor, respectively, wherein a pump swash plate member 
is driven by an engine, a pump cylinder and a motor cylinder are connected to each other above 
the output shaft of the engine, the rotation of a motor swash plate member is restricted, and the 
angle of a motor swash plate can be changed. 
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[004] In this hydraulic continuously variable transmission, the control of non-stage speed 
change for changing the output revolution of the motor continuously is carried out by altering 
the angle of the motor swash plate to change the capacity of the motor. The angle of the motor 
swash plate can be changed by converting the revolution of a swash plate control motor 
(electric motor) external to the housing of the transmission into linear motion by means of a ball 
screw mechanism (revolution/linear motion conversion mechanism) to roll a motor rolling 
member (motor swash plate) (refer to JP-A 2001-343060, for example). This ball screw 
mechanism has a screw shaft turned by a swash plate control motor, and a nut member which is 
screwed to this screw shaft and connected to the end portion of the motor rolling member. A 
stopper is provided at both ends of the screw shaft to be contacted to the nut member in order to 
limit the moving range of the nut member. 

[005] The nut member constituting the ball screw mechanism has a ball thread holding a 
large number of balls by a cage on the inner wall of a nut body, and the side end portion of the 
nut body is contacted to the stopper to limit the moving range of the nut member. Since the ball 
thread is formed on the inner side of the side end portion of the nut body, when the side end 
portion of the nut body is contacted to the stopper, the ball thread is mated with the male screw 
of the screw shaft on the inner side of the stopper. Therefore, the outer end portion of the male 
screw does^ot contribute to this mating and is of no use. Therefore, if this male screw portion 
which does not contribute to mating is eliminated, the male screw can be used more effectively 
and the processing cost can be reduced. In other words, if a portion which is not used for 
mating with the nut member due to its contact to the stopper can also be used for mating with 
the nut member, the moving range of the nut member can be increased with the male screw of 
the known art. 

SUMMARY OF THE INVENTION 

[006] In view of the above situation, it is an object of the present invention to reduce the 
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processing cost and increase the moving range of the nut member by making effective use of the 
end portion of a male screw formed on a screw shaft in a ball screw mechanism 
(revolution/linear motion conversion mechanism) used in a swash plate servo device for the 
control of the movement of a swash plate. 

[007] The above object of the present invention can be attained by a swash plate plunger type 
hydraulic unit comprising: a cylinder which is rotatably supported and has a plurality of plunger 
holes extending in an axial direction and arranged in a loop to surround a rotation axis thereof; 
a plurality of plungers slidably disposed in the respective plunger holes; a swash plate which 
has a swash plate face to be contacted to outer end portions of the plungers, and which may be 
tilted and rolled about a rolling axis perpendicular to the rotation axis as a center to change a 
tilting angle of the swash plate face; and a swash plate servo device (for example, a motor servo 
mechanism (SV) in an embodiment disclosed below) for tilting and rolling the swash plate. 
The swash plate servo device comprises a screw shaft having a male screw, a nut member 
having a ball thread on an inner wall thereof, screwed to the male screw and connected to the 
swash plate (for example, ball nut 62 in the embodiment), a servo drive device (for example, 
swash plate control motor 67 in the embodiment) which drives the screw shaft to move the nut 
member over the screw shaft in an axial direction in order to tilt and roll the swash plate, and a 
stopper attached to the end of the screw shaft to limit a moving range of the nut member. The 
stopper includes a cylindrical ring portion which has almost the same outer diameter as the 
outer diameter of the male screw portion and is situated adjacent to the end portion of the male 
screw portion at a limit position of the nut member, and a flange portion having a larger 
diameter than the ring portion and which contacts the side face of the nut member at the limit 
position. 

[008] When the swash plate servo device is constituted as described above and the side face 
of the nut member is contacted to the flange portion of the stopper, the ring portion projects 
inside the nut member. In this state, the ball thread of the nut member is mated with the endmost 
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portion of the male screw of the screw shaft, whereby the end portion of the male screw can be 
used effectively for mating with the ball thread. Therefore, there is no portion of the male screw 
which is not used for mating with the ball thread, so that even the end portion of the male screw 
can be used effectively, thereby making it possible to reduce the processing cost of the male 
screw and to increase the moving range of the nut member. 

[009] For a more complete understanding of the present invention, the reader is referred to 
the following detailed description section, which should be read in conjunction with the 
accompanying drawings. Throughout the following detailed description and in the drawings, 
like numbers refer to like parts. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[010] Figure 1 is a sectional view of a hydraulic continuously variable transmission having a 
swash plate servo device according to an illustrative embodiment of the present invention. 
[Oil] Figure 2 is a side view of a rough or all terrain vehicle having the above hydraulic 
continuously variable transmission according to an embodiment of the present invention. 
[012] Figure 3 is a plan view of the rough terrain vehicle having the above hydraulic 
continuously variable transmission according to an embodiment of the present invention. 
[013] Figure 4 is a rear view of the rough terrain vehicle having the above hydraulic 
continuously variable transmission according to an embodiment of the present invention. 
[014] Figure 5 is a schematic diagram showing the power transmission line of a power unit 
having the above hydraulic continuously variable transmission according to an embodiment of 
the present invention. 

[015] Figure 6 is a sectional view of part of the above hydraulic continuously variable 
transmission according to an embodiment of the present invention. 

[016] Figure 7 is a sectional view of the above hydraulic continuously variable transmission 
according to an embodiment of the present invention. 
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[017] Figure 8 is an enlarged sectional view of part of the above hydraulic continuously 
variable transmission according to an embodiment of the present invention. 
[018] Figure 9 is a partly sectional view showing details of a motor servo mechanism (swash 
plate servo device) in the above hydraulic continuously variable transmission according to an 
embodiment of the present invention. 

[019] Figure 10 is another partly sectional view showing other details of the motor servo 
mechanism (swash plate servo device) in the above hydraulic continuously variable 
transmission according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

[020] An embodiment of the present invention will be described hereinbelow with reference 
to the drawings. First, Figs. 2 to 4 show a rough terrain vehicle (RTV) which has a hydraulic 
continuously variable transmission provided with the swash plate servo device of the present 
invention. This vehicle (RTV) incorporates a power unit (PU) in a car body 80 having a frame 
structure therein and has front wheels (FW) and rear wheels (RW) which are driven by the 
output of the power unit (PU). The car body 80 comprises a front fender 8 1 situated at the front 
of the car body and provided with a front guard 81a, a saddle 82 which extends longitudinally 
and projects upward from the center of the car body, right and left steps 84 and 84 which extend 
downward from the right and left sides of the saddle 82 in right and left directions, and a rear 
fender 85 situated at the rear of the car body and provided with a rear guard 85a. The saddle 82 
is provided with a seat 83 for a driver. The driver who strides over the saddle 82 to sit on the 
seat 83 puts his/her feet on the right and left steps 84 and manipulates a steering handle 86 
which is situated in front of him/her and can be turned in right and left directions. A fuel tank 
(FT) is arranged in front of the saddle 82 as shown in Fig. 1 . 

[021] The saddle 82 incorporates the power unit (PU) which comprises an engine (E), main 
clutch (CL), hydraulic continuously variable transmission (CVT) and transmission gear train 
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(GT) as will be described hereinafter with reference to Fig. 5. The engine (E) takes in an 
air-fuel mixture prepared by mixing together air absorbed through an air filter (AF) and fuel in 
the fuel tank (FT) in a carburetor (C) and burns it in a cylinder to generate driving torque. An 
exhaust gas which is produced after burning in the cylinder is discharged from an exhaust pipe 
(EP) through a muffler (M). 

[022] The driving torque of the engine (E) is transmitted from the crank shaft to the main 
clutch (CL), hydraulic continuously variable transmission (CVT) and transmission gear train 
(GT) while its speed is changed and output to front and rear propeller shafts (FP, RP). The front 
propeller shaft (FP) is connected to a front differential mechanism (FD) so that the driving 
torque output to the front propeller shaft (FP) is transmitted from the front differential 
mechanism (FD) to the right and left front wheels (FW) through right and left front axle shafts 
(FA) so as to drive the front wheels (FW). The rear propeller shaft (RP) is connected to a rear 
differential mechanism (RD) so that the driving torque output to the rear propeller shaft (RP) is 
transmitted from the rear differential mechanism (RD) to the right and left rear wheels (RW) 
through right and left rear axle shafts (RA) so as to drive the rear wheels (RW). 
[023] A description is subsequently given of the above power unit (PU) with reference to Fig. 
5. The power unit (PU) comprises the engine (E) for generating driving torque, the main clutch 
(CL) for controlling the transmission of the driving torque, the hydraulic continuously variable 
transmission (CVT) for changing the driving torque transmitted through the main clutch (CL) 
continuously, and the transmission gear train (GT) for changing the direction of and 
transmitting the output revolution of the hydraulic continuously variable transmission (CVT). 
The power unit (PU) is incorporated in the saddle 82 in such a manner that the engine 
crankshaft extends in the longitudinal direction of the car body. 

[024] The engine (E) is provided with a piston 2 in a cylinder 1 having feed and exhaust 
valves la and lb in its head portion. In the engine (E), air absorbed through the air filter (AF) is 
mixed with fuel in the fuel tank (FT) in the carburetor (C) to prepare an air-fuel mixture as 
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described above, the air-fuel mixture is supplied into the cylinder chamber by opening the feed 
valve la at a predetermined timing and burnt in the cylinder chamber to reciprocate the piston 2, 
this reciprocation of the piston 2 is transmitted to a crank 3 a by a connection rod 2a, and a crank 
shaft 3 is turned. The main clutch (CL) is provided at the end of the crankshaft 3 to control 
engagement/disengagement between an input drive gear 4 rotatably installed on the crank shaft 
3 and the crank shaft 3. Therefore, the driving torque of the crankshaft 3 is transmitted to the 
input drive gear 4 in accordance with the control of engagement/disengagement by the main 
clutch (CL). The main clutch (CL) is composed of a centrifugal clutch, for example. 
[025] The hydraulic continuously variable transmission (CVT) has a swash plate plunger 
type hydraulic pump (P) and a swash plate plunger type hydraulic motor (M). An input slave 
gear 5 connected to a pump casing constituting the swash plate plunger type hydraulic pump (P) 
engages with the above input drive gear 4 so that the driving torque of the engine (E) is 
transmitted to the input slave gear 5 to turn the pump casing. The output revolution whose 
speed has been changed continuously by the hydraulic continuously variable transmission 
(CVT) to be described in detail hereinafter is output to a transmission output shaft 6. 
[026] The transmission output shaft 6 is connected to a transmission output gear 1 1 
constituting the above transmission gear train (GT) to transmit the revolution of the 
transmission output shaft 6 from the transmission output gear 1 1 through the transmission gear 
train (GT). The transmission gear train (GT) has a counter shaft 15 and an idler shaft 13 
arranged parallel to the transmission output shaft 6. The counter shaft 15 is fitted with a 
forward gear 12 and a backward gear 14 in such a manner that they can turn freely, and 
connected to an output drive gear 17. Meanwhile, the idler shaft 13 is connected to a first idler 
gear 13a and a second idler gear 13b. The forward gear 12 engages with the transmission 
output gear 11, and the first idler gear 13a also engages with the transmission output gear 11. 
The second idler gear 13b engages with the backward gear 14. 

[027] The forward gear 12 and the backward gear 14 are provided with internal clutch gears 
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12a and 14a 5 respectively, and a clutch sleeve 16 which can turn together with the counter shaft 

15 to be moved in an axial direction is provided between the forward gear 12 and the backward 
gear 14. An external clutch gear 16a is formed on the clutch sleeve 16 to move the clutch sleeve 

16 in the axial direction to be selectively engaged with the internal clutch gear 12a or 14a, 
thereby constituting a dog clutch. This clutch sleeve 16 is moved in the axial direction by the 
driver's manipulation of a shift lever to a forward movement side or backward movement side. 
[028] When the driver moves the shift lever to the forward movement side, the clutch sleeve 

16 is moved in the left direction in the figure, and the external clutch gear 16a is engaged with 
the internal clutch gear 12a to connect the forward gear 12 to the counter shaft 15. Therefore, in 
this state, the revolution of the transmission output gear 1 1 is transmitted from the forward gear 
12 to the counter shaft 15 to turn the output drive gear 17. 

[029] When the driver moves the shift lever to the backward movement side, the clutch 
sleeve 16 is moved in the right direction in the figure, and the external clutch gear 16a is 
engaged with the internal clutch gear 14a to connect the backward gear 14 to the counter shaft 
15. In this state, the revolution of the transmission output gear 1 1 is transmitted from the first 
idler gear 13a to the second idler gear 13b through the idler shaft 13 and further from the second 
idler gear 13b to the counter shaft 15 through the backward gear 14 engaged with the second 
idler gear 13b to turn the output drive gear 17. The revolution direction of the output drive gear 

17 at this point is the opposite direction (backward direction) to the direction when the shift 
lever is moved to the above forward movement side. 

[030] The output drive gear 17 engages with the output slave gear 18 connected to a drive 
shaft 19 so that the revolution of the output drive gear 17 is transmitted to the drive shaft 19 
through the output slave gear 18. The front end of the drive shaft 19 is linked to the front 
propeller shaft (FP) and the rear end of the drive shaft 19 is linked to the rear propeller shaft 
(RP) so that the driving torque transmitted to the drive shaft 19 is transmitted to the front and 
rear propeller shafts (FP, RP), whereby the front and rear wheels (FW, RW) are driven as 
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described above. 

[03 1] A description is subsequently given of the above hydraulic continuously variable 
transmission (CVT) with reference to Fig. 1 and Figs. 6 to 8. The hydraulic continuously 
. variable transmission (CVT) has the swash plate plunger type hydraulic pump (P) and the 
swash plate plunger type hydraulic motor (M), and the transmission output shaft 6 extends 
through the hydraulic continuously variable transmission (CVT) passing the center thereof 
The transmission output shaft 6 is supported in a transmission housing (HSG) such that it can 
turn by ball bearings 7a and 7b. 

[032] The hydraulic pump (P) comprises a pump casing 20 which is mounted to the 
transmission output shaft 6 in such a manner that it is coaxial to and rotated relative to the 
transmission output shaft 6, a pump swash plate member 21 which is installed in the pump 
casing 20 and inclined at a predetermined angle from the rotation axis of the pump casing 20, a 
pump cylinder 22 which is opposed to the pump swash plate member 21, and a plurality of 
pump plungers 23 which are slidably laid in a plurality of pump plunger holes 22a formed in the 
axial direction and arranged in a loop surrounding the center axis of the pump cylinder 22. The 
pump casing 20 is supported on the transmission output shaft 6 such that it can turn by a bearing 
8a and also supported in the transmission housing (HSG) such that it can turn by a bearing 8b. 
The pump swash plate member 2 1 is installed in the pump casing 20 in such a manner that it can 
turn on an axis inclined at the above predetermined angle by bearings 21a and 21b. The pump 
cylinder 22 is supported in the pump casing 20 in such a manner that it can turn by a bearing 22c 
relative to and coaxial to the pump casing 20. 

[033] The input slave gear 5 is fitted onto the pump casing 20 by fastening a bolt 5a. The 
outer end portion of each of the pump plungers 23 projects outward and is contacted to and 
engaged with the swash plate face 21a of the pump swash plate member 21, and the inner end 
portion situated in the pump plunger hole 22a is opposed to the valve body 51 of a distributor 
valve 50 (which will be described hereinafter) to form a pump oil chamber 23a in the pump 
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plunger hole 22a. A pump opening 22b which serves as the outlet and inlet of the pump is 
formed at the end of the pump plunger hole 22a. When the input slave gear 5 is turned, the 
pump casing 20 is turned as described above, the pump swash plate member 21 situated in the 
pump casing 20 is moved by the rotation of the pump casing 20, and the pump plungers 23 are 
reciprocated in the pump plunger holes 22a by the movement of the swash plate faces 21a to 
compress or expand hydraulic oil in the pump oil chambers 23a. 
[034] The hydraulic motor M comprises a motor casing 30 which is connected to the 
transmission housing (HSG) to be fixed and held, a motor rolling member 35 which is in sliding 
contact with a support spherical face 30a formed on the inner wall of the motor casing 30 and 
supported such that it can turn with the center O extending in a direction (vertical direction to 
the sheet of the figure) perpendicular to the center axis of the transmission output shaft 6 as the 
center, a motor swash plate member 3 1 supported in the motor rolling member 35 such that it 
can turn by bearings 31a and 3 lb, a motor cylinder 32 opposed to the motor swash plate 
member 31, and a plurality of motor plungers 33 which are slidably laid in a plurality of motor 
plunger holes 32a formed in the axial direction and arranged in a loop surrounding the center 
axis of the motor cylinder 32. The motor cylinder 32 is supported in the motor casing 30 by a 
bearing 32c such that it can turn. 

[035] The outer end portion of each of the motor plungers 33 projects outward and is 
contacted to and engaged with the swash plate face 3 la of the motor swash plate member 3 1 , 
and the inner end portion situated in the plunger hole 32a is opposed to the valve body 51 to 
form a motor oil chamber 33a in the motor plunger hole 32a. A motor opening 32b which 
serves as the outlet and inlet of the motor is formed at the end of the motor plunger hole 32a. An 
arm portion 35a which projects outward from the end of the motor rolling member 35 in the 
radial direction is connected to a motor servo mechanism (SV) which controls the horizontal 
movement in the figure of the arm portion 35a to carry out the control of the revolution on the 
center O of the motor rolling member 35. When the motor rolling member 35 is turned, the 
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motor swash plate member 31 which is rotatably supported in the motor rolling member 35 is 
also turned and the angle of its swash plate is changed. 

[036] The distributor valve 50 is provided between the pump cylinder 22 and the motor 
cylinder 32. The valve body 51 of the distributor valve 50 is sandwiched between and 
integrally connected to the pump cylinder 22 and the motor cylinder 32 and also connected to 
the transmission output shaft 6. Therefore, the pump cylinder 22, distributor valve 50, motor 
cylinder 32 and transmission output shaft 6 turn together. 

[037] To show reference symbols clearly in Fig. 7 in particular, a plurality of pump-side 
spool holes 51a and a plurality of motor-side spool holes 5 lb extending in the radial direction 
are formed in two rows in the valve body 51 constituting the distributor valve 50 at equal 
intervals in the circumferential direction. Pump-side spools 53 are slidably laid in the 
pump-side spool holes 51a, and motor-side spools 55 are slidably laid in the motor-side spool 
holes 51b. 

[038] The pump-side spool holes 5 la are formed corresponding to the pump plunger holes 
22a, and a plurality of pump-side communication paths 51c communicating with the respective 
pump openings 22b (pump oil chambers 23a) and the respective pump-side spool holes 5 la are 
formed in the valve body 51. The motor-side spool holes 51b are formed corresponding to the 
motor plunger holes 32a, and a plurality of motor-side communication paths 5 Id 
communicating with the respective motor openings 32b (motor oil chambers 33a) and the 
respective motor-side spool holes 51b are formed in the valve body 51 (see Fig. 1). 
[039] In the distributor valve 50, a pump-side cam ring 52 is disposed at a position 
surrounding the outer ends of the pump-side spools 53, and a motor-side cam ring 54 is 
disposed at a position surrounding the outer ends of the motor-side spools 55. The pump-side 
cam ring 52 is mounted on the eccentric inner face 20a formed eccentric to the center axis of the 
rotation of the pump casing 20 on the inner wall at the end of the pump casing 20 so that it is 
turned together with the pump casing 20. The motor-side cam ring 54 is mounted on the 
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eccentric inner face 30a formed eccentric to the center axis of the rotation of the motor cylinder 
32 on the inner wall at the end of the motor casing 30. The outer ends of the pump-side spools 
53 are secured to the inner wall of the pump-side cam ring 52 in such a manner that they can 
turn relative to the pump-side cam ring 52, and the outer ends of the motor-side spools 55 are 
secured to the inner wall of the motor-side cam ring 54 in such a manner that they can turn 
relative to the motor-side cam ring 54. 

[040] An inner path 56 is formed between the inner wall of the valve body 5 1 and the outer 
wall of the transmission output shaft 6, and the inner ends of the pump-side spool holes 5 1 and 
the motor-side spool holes 51b communicate with this inner path 56. An outer path 57 which 
communicates with the pump-side spool holes 51a and the motor-side spool holes 51b is 
formed in the valve body 51. 

[041] A description is subsequently given of the operation of the above constituted 
distributor valve 50. When the drive force of the engine (E) is transmitted to the input slave 
gear 5 to turn the pump casing 20, the pump swash plate member 21 is rolled by this revolution. 
Therefore, the pump plungers 23 which are contacted to and engaged with the swash plate faces 
21a of the pump swash plate member 21 are reciprocated in the axial direction in the respective 
pump plunger holes 22a by the rolling of the pump swash plate member 21, and hydraulic oil is 
discharged from the pump oil chambers 23a through the pump openings 22b by the inward 
movements of the pump plungers 23 and absorbed into the pump chambers 23a through the 
pump openings 22b by the outward movements of the pump plungers 23. 
[042] Although the pump-side cam ring 52 mounted to the end of the pump casing 20 is 
turned together with the pump casing 20, the pump-side spools 53 are reciprocated in the radial 
direction in the respective pump-side spool holes 51a by the revolution of the pump-side cam 
ring 52 as it is mounted eccentric to the rotation center of the pump casing 20. When the 
pump-side spools 53 are thus reciprocated and moved to their inner-diameter side as shown in 
the upper half part of Fig. 1, the pump-side communication paths 51c and the outer path 57 
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communicate with each other through spool grooves 53a and when the pump-side spools 53 are 
moved to their outer-diameter side as shown in the lower half part of Fig. 1, the pump-side 
communication paths 51c and the inner path 56 communicate with each other through the spool 
grooves 53 a. 

[043] When the swash plate member 2 1 is rolled by the revolution of the pump casing 20 to 
reciprocate the pump plungers 23, the position of eccentricity is set such that the pump-side 
cam ring 52 moves the pump-side spools 53 to their inner-diameter side during the half round of 
the pump casing 20 during which the pump plungers 23 are moved from a position where they 
are pushed the most outward (to be referred to as "lower dead center") to a position where they 
are pushed the most inward (to be referred to as "upper dead center") and to their 
outer-diameter side during the half round of the pump casing 20 during which the pump 
plungers 23 are moved from the upper dead center to the lower dead center. 
[044] As a result, when the pump plungers 23 are moved from the lower dead center to the 
upper dead center by the revolution of the pump casing 20 to discharge the hydraulic oil in the 
pump oil chambers 23a from the pump openings 22b, this hydraulic oil is supplied into the outer 
path 57 through the pump-side communication paths 51c. When the pump plungers 23 are 
moved from the upper dead center to the lower dead center by the revolution of the pump casing 
20, the hydraulic oil in the inner path 56 is absorbed into the pump oil chambers 23a through the 
pump-side communication paths 5 lc and the pump openings 22b. As understood from this, 
when the pump casing 20 is turned, the hydraulic oil discharged from the hydraulic pump (P) is 
supplied into the outer path 57 where it is supplied to the hydraulic motor (M),and hydraulic oil 
is absorbed into the hydraulic pump (P) from the inner path 56. 

[045] Since the motor-side cam ring 54 attached to the end of the motor casing 30 is also 
mounted eccentric to the rotation center of the motor casing 30, when the motor cylinder 32 is 
turned, the motor-side spools 55 are reciprocated in the radial direction in the respective 
motor-side spool holes 5 lb by the revolution of the motor cylinder 32. When the motor-side 
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spools 55 are thus reciprocated and moved to their inner-diameter side as shown in the upper 
half part of Fig. 1, the motor-side communication paths 5 Id and the outer path 57 communicate 
with each other through the spool grooves 55a and when the motor-side spools 55 are moved to 
their outer-diameter side as shown in the lower half part of Fig. 1, the motor-side 
communication paths 5 1 d and the inner path 56 communicate with each other through the spool 
grooves 55a. 

[046] The hydraulic oil discharged from the hydraulic pump (P) is supplied into the outer 
path 57 as described above and further the motor oil chambers 33a from the motor-side 
communication paths 5 Id through the motor openings 32b, and the motor plungers 33 are 
pushed outward in the axial direction. The outer ends of the motor plungers 33 which receive 
outward pressure in the axial direction are slidably contacted to a portion from the upper dead 
center to the lower dead center of the motor swash plate member 3 1 while the motor rolling 
member 35 is rolled as shown in Fig. 1. The motor cylinder 32 is turned so that the motor 
plungers 33 are moved from the upper dead center to the lower dead center along with the motor 
swash plate member 3 1 by this outward pressure in the axial direction. 
[047] To carry out this revolution, the position of eccentricity of the motor-side cam ring 54 
is set such that when the motor plungers 33 are reciprocated along with the inclination of the 
motor swash plate member 31 by the revolution of the motor cylinder 32, the motor-side cam 
ring 54 moves the motor-side spools 55 to their outer-diameter side during the half round of the 
motor cylinder 32 during which the motor plungers 33 are moved from a position (lower dead 
center) where they are pushed the most outward to a position where they are pushed the most 
inward (upper dead center) and to their outer-diameter side during the half round of the motor 
cylinder 32 during which the motor plungers 33 are moved from the upper dead center to the 
lower dead center. 

[048] When the motor cylinder 32 is thus turned, the motor plungers 33 are pushed inward 
while they are moved from the lower dead center to the upper dead center along with the motor 
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swash plate member 31 by this revolution, and hydraulic oil in the motor oil chambers 33a is 
supplied into the inner path 56 from the motor openings 32b through the motor-side 
communication paths 5 Id. Thus, hydraulic oil supplied into the inner path 56 is absorbed into 
the pump oil chambers 23a through the pump-side communication paths 51c and the pump 
openings 22b as described above. 

[049] As understood from the above description, when the pump casing 20 is turned by the 
driving torque of the engine (E), hydraulic oil is discharged into the outer path 57 from the 
hydraulic pump (P) and supplied into the hydraulic motor (M) to turn the motor cylinder 32. 
The hydraulic oil which has turned the motor cylinder 32 is supplied into the inner path 56 and 
absorbed into the hydraulic pump (P) from the inner path 56. Thus, a closed hydraulic circuit 
for connecting the hydraulic pump (P) to the hydraulic motor (M) is composed of the distributor 
valve 50. Specifically, the hydraulic oil discharged from the hydraulic pump (P) by the 
revolution of the hydraulic pump (P) is supplied into the hydraulic motor (M) through the 
closed hydraulic circuit to drive the hydraulic motor (M), and the hydraulic oil discharged by 
driving the hydraulic motor (M) is returned to the hydraulic pump (P) through the closed 
hydraulic circuit. 

[050] Since the pump cylinder 22 and the motor cylinder 32 are connected to the 
transmission output shaft 6 and turned together, when the motor cylinder 32 is turned as 
described above, the pump cylinder 22 is also turned and the revolution speed of the pump 
casing 20 relative to the pump cylinder 22 becomes low. Therefore, the relationship between 
the revolution speed Ni of the pump casing 20 and the revolution speed No of the transmission 
output shaft 6 (that is, the revolution speeds of the pump cylinder 22 and the motor cylinder 32) 
is expressed by the following equation (1) based on the capacity Vp of the pump and the 
capacity (Vm) of the motor. 

Equation 1 
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Vp(Ni-No) = VmNo 

[05 1] The capacity Vm of the motor can be changed continuously by control for rolling the 
motor rolling member 35 by means of the motor servo mechanism (SV). Therefore, when the 
revolution speed Ni of the pump swash plate member 21 is fixed in the above equation (1) and 
the motor capacity Vm is changed continuously, the control of speed change for changing the 
revolution of the transmission output shaft 6 is continuously carried out. 
[052] When control for reducing the rolling angle of the motor rolling member 35 is carried 
out, the motor capacity Vm becomes small and when the pump capacity Vp is fixed in the 
relationship of the above equation (1) and the revolution speed Ni of the pump swash plate 
member 2 1 is fixed, control is made to increase the revolution of the transmission output shaft 6 
to the revolution speed Ni of the pump swash plate member 21, that is, to change it to the top 
gear continuously. When the angle of the motor swash plate becomes null, that is, 90°, the 
change gear ratio (top gear ratio) becomes Ni = No theoretically and the hydraulic locked state 
is obtained. As a result, the pump casing 20 is turned together with the pump cylinder 22, the 
motor cylinder 32 and the transmission output shaft 6 to supply mechanical power. 
[053] Control for changing the motor capacity continuously is carried out by changing the 
angle of the motor swash plate by rolling the motor rolling member 35. The motor servo 
mechanism (swash plate servo device) (SV) for rolling the motor rolling member 35 will be 
described hereinbelow with reference to Fig. 6 mainly. 

[054] The motor servo mechanism (SV) comprises a ball screw shaft 61 which is situated in 
the vicinity of the arm portion 35a of the motor rolling member 35, extends parallel to the 
transmission output shaft 6 and is supported in the transmission housing (HSG) such that it can 
turn by bearings 60a and 60b, and a ball nut 62 which is mated with a male screw 61a formed on 
the outer wall of the ball screw shaft 61 . A ball thread 62a is formed by a plurality of balls 
which are held on the inner wall of the ball nut 62 by a cage and arranged in a screw form and 
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mated with the male screw 61a. The ball nut 62 is connected to the arm portion 35a of the 
motor rolling member 35 and moved in a horizontal direction over the ball screw shaft 61 such 
that the motor rolling member 35 is rolled when the ball screw shaft 61 is turned. 
[055] To drive the ball screw shaft 61 as described above, a swash plate control motor 
(electric motor) 67 is attached to the outer end face of the transmission housing (HSG). The 
drive shaft 67a of the swash plate control motor 67 is connected to a spacer shaft 65 by a 
coupling 66. This spacer shaft 65 extends beyond the periphery of the input slave gear 5 close 
to the end portion of the above ball screw shaft 61 and parallel to the transmission output shaft 
6 in the transmission housing (HSG) and is rotatably supported in the transmission housing 
(HSG). An idle shaft 64c which extends parallel to the spacer shaft 65 is supported in the 
transmission housing (HSG), and an idle gear member 64 is rotatably mounted on this idle shaft 
64c. 

[056] A first gear 65a is formed at the end of the spacer shaft 65 and engages with a second 
gear 64b formed integrated with the idle gear member 64. A third gear 64a formed integrated 
with the idle gear member 64 engages with a fourth gear 63 which is fitted onto the end of the 
above ball screw shaft 61 . Therefore, when the drive shaft 67a is turned by controlling the 
revolution of the swash plate control motor 67, this revolution is transmitted to the fourth gear 
member 63 through the idle gear member 64 to turn the ball screw shaft 61, and the ball nut 62 
is moved in the horizontal direction over the shaft 61 to roll the motor rolling member 35. 
[057] In the above constituted motor servo mechanism (SV), the ball screw mechanism 
comprising the ball screw shaft 61 and the ball nut 62 converts the revolution of the swash plate 
control motor 67 into linear motion to roll the motor rolling member 35. The constitution of 
this ball screw mechanism will be detailed with reference to Fig. 9 and Fig. 10. 
[058] As shown in the figures, the ball nut 62 has the ball thread 62a on the inner wall of the 
nut body 62. The ball thread 62a holds a large number of small balls 62b arranged in a screw 
form by the cage, and the ball nut 62 is screwed to the ball screw shaft 61 in such a manner that 
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the balls 62b enter the screw grooves of the male screw 61a of the ball screw shaft 61. In the 
ball nut 62, the right and left ends of the ball thread 62a are positioned on inner sides in the axial 
direction of the right and left ends of the nut body 62c for its structural reason. Right and left 
stoppers 70 and 75 are provided at both ends of the male screw 6 1 a of the ball screw shaft 6 1 . 
The left stopper 70 consists of a cylindrical ring portion 71 which has almost the same outer 
diameter as the male screw 61a and is adjacent to the left end of the male screw 61a and a flange 
portion 72 having a larger diameter than this ring portion 71 . The right stopper 75 is formed 
cylindrical with the same diameter as the flange portion 72 and mounted next to the right end of 
the male screw 61a. 

[059] In the motor servo mechanism (SV) having this ball screw mechanism, when the ball 
screw shaft 6 1 is turned by the swash plate control motor 67, the ball nut 62 mated with the male 
screw 61a is moved in the direction shown by an arrow A in Fig. 10 (rotational motion is 
converted into linear motion) to roll the motor rolling member 35. Fig. 9 shows that the ball nut 
62 is thus moved to the left end of the ball screw shaft 61 . The nut body 62c is contacted to the 
flange portion 72 of the left stopper 70 to determine the moving limit in the left direction. At 
this point, the ball thread 62a is mated with the left endmost portion of the male screw 61a, 
making effective use of the male screw 61a. 

[060] That is, the ring portion 7 1 of the left stopper 70 makes up for a portion of the male 
screw 61a which is not used for mating with the ball thread 62a, whereby the male screw 61a is 
effectively used by reducing its length to a necessary minimum value and the number of 
processing steps for and the cost of the male screw 61a are reduced. If the left stopper was 
entirely formed as a cylindrical member having the same diameter as the flange portion 72 
(same as the right stopper 75 in shape) as in the prior art, the movement in the left direction of 
the left end of the nut body 62c is limited to a position where it is contacted to the right side of 
the left stopper. As a result, the amount of movement in the left direction becomes smaller than 
in the case of the left stopper 70 having the ring and flange portions 71, 72 according to the 
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invention. That is, by using the left stopper 70 according to this embodiment of the present 
invention, the amount of movement in the left direction can be made larger than in the prior art. 
[061] Since there is no necessity of increasing the amount of movement in the right direction 
of the ball nut 62 in this embodiment, the right stopper 75 is cylindrical as a whole. However, 
according to the invention, the right stopper 75 may be formed with a flange portion and a ring 
portion like the left stopper 70 as required to increase the amount of movement in the right 
direction of the ball nut 62. 

[062] When oil flows through the closed hydraulic circuit to transmit hydraulic force 
between the hydraulic pump (P) and the hydraulic motor (M) as described above, oil leakage 
from the hydraulic closing circuit and oil leakage from mating portions between the pump and 
the motor plunger holes 22a and 32a and mating portions between the pump and the motor 
plungers 23 and 33 occur. Therefore, a charge oil supply hole 6a extending in the axial 
direction is formed in the transmission output shaft 6 and connected to a first check valve (CV1) 
mounted in the pump cylinder 22 through an oil path 6b formed in the transmission output shaft 
6 and an oil path 5 le formed in the pump cylinder 22 and further to the inner path 56 from the 
first check valve (CV1) through an oil path 5 If as shown in Fig. 7. Therefore, charge oil 
supplied from a charge oil supply source (not shown) to the charge oil supply hole 6a is 
supplied into the inner path 56 through the first check valve (CV1) as required. 
[063] The charge oil supply hole 6a is connected to a second check valve (CV2) mounted in 
the pump cylinder 22 through an oil path 6c formed in the transmission output shaft 6 and an oil 
path 5 lg formed in the pump cylinder 22 and further to the outer path 57 from the second check 
valve (CV2) through an oil path 5 lh. Therefore, the charge oil supplied into the charge oil 
supply hole 6a is supplied into the outer path 57 through the second check valve (CV2) as 
required. 

[064] As understood from the description of the operations of the hydraulic pump (P) and the 
hydraulic motor (M), when the hydraulic motor (M) is in a normal running state, that is, is 
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driven with hydraulic oil from the hydraulic pump (P), the inside pressure of the outer path 57 is 
high and the inside pressure of the inner path 56 is low, whereby the charge oil is supplied into 
the inner path 56 through the first check valve (CV1). However, when the vehicle is running by 
using engine brake, the inside pressure of the outer path 57 is low and the inside pressure of the 
inner path 56 is high, whereby charge oil is supplied into the outer path 57 through the second 
check valve (CV2). 

[065] As shown in Fig. 8, first and second relief valves (RV1 , RV2) are installed in the pump 
cylinder 22. The first relief valve (RV1) connects the outer path 57 to the inner path 56. When 
the pressure of oil in the outer path 57 becomes a predetermined level or higher, the first relief 
valve is opened to discharge oil into the inner path 56, thereby preventing the pressure of oil in 
the outer path 57 from becoming too high. The second relief valve (RV2) connects the inner 
path 56 to the outer path 57. When the pressure of oil in the inner path 56 becomes a 
predetermined level or higher, the second relief valve (RV2) is opened to discharge oil into the 
outer path 57, thereby preventing the pressure of oil in the inner path 56 from becoming too 
high. 

[066] As described above, according to the present invention, the swash plate servo device 
for moving the swash plate of a swash plate plunger type hydraulic unit comprises a screw shaft 
provided with a male screw, a nut member which has a ball thread on its inner wall, is mated 
with the male screw and is connected to the swash plate, and a servo drive device for driving the 
screw shaft. The screw shaft is turned by the servo drive device to move the nut member over 
the screw shaft in the axial direction in order to tilt and roll the swash plate. The stopper which 
is mounted to the end of the screw shaft to limit the moving range of the nut member consists of 
a cylindrical ring portion which has almost the same outer diameter as the outer diameter of the 
male screw portion and is situated adjacent to the end portion of the male screw portion at a 
limit position of the nut member, and a flange portion which has a larger diameter than the ring 
portion and contacts the side face of the nut member at the limit position. 
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[067] Since the swash plate servo device is constituted as described above, when the side 
face of the nut member contacts the flange portion of the stopper, the ring portion projects 
within the nut member, the ball thread of the nut member is mated with the end portion of the 
male screw on the screw shaft in this state, thereby making it possible to make effective use of 
up to the end portion of the male screw for mating with the ball thread. Therefore, there is no 
portion of the male screw which is not used for mating in ball thread, and the end portion of the 
male screw is also used effectively, thereby making it possible to reduce the processing cost of 
the male screw and to increase the moving range of the nut member. 
[068] Although the present invention has been described herein with respect to a specific 
illustrative embodiment thereof, the foregoing description is intended to be illustrative, and not 
restrictive. Those skilled in the art will realize that many modifications of the embodiment 
could be made which would be operable. All such modifications which are within the scope of 
the claims are intended to be within the scope and spirit of the present invention. 
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